As changes in production methods and technology have taken place, a far higher proportion of costs are to be found in indirect areas. For example, direct labour (a traditional cost allocation base) now represents only a small fraction of corporate costs, while expenses covering, for example, factory support operations, marketing, distribution, engineering, and other overhead functions have exploded. These developments, however, have, until recently, not been paralleled with corresponding changes in cost accounting practices. Most companies still allocate rising overheads and support costs by their diminished direct labour base or, as with marketing and distribution costs, not all. Inevitably, this leads to distorted product cost information and, as a result, to an unreliable decision base [1, 2] .
These problems led to the idea of activity-based costing (ABC), particularly in companies producing a range of products [6] . ABC aims not only to allocate overhead costs more accurately but also to pinpoint areas of waste. Underlying ABC is the assumption that activities (such as purchasing, receiving, setting-up and running a machine, etc.) consume resources, and products consume activities. The performance of activities triggers the consumption of resources that are recorded as costs in the accounts. This means that ABC traces costs to products according to the activities performed on them. The result is more accurate cost information, with less distortion. Three benefits accrue from this: a focused manufacturing strategy, products designed to increase customer value, and continuous improvement of operating activities throughout the manufacturing organization.
The objectives of an ABC system are to: q allocate costs according to the activities consumed; q create transparency in the overhead area; q provide information for control purposes; q relate to the strategy of the company; and q improve all operating activities (i.e. support manufacturing excellence). The software described in this article provides a tutorial introduction to ABC and highlights the difference between ABC and conventional cost accounting by means of simulating a production environment for the user to explore. It is implemented to run on IBM PCs or compatible, under MS-DOS.
Method
Indirect costs are allocated according to the activities consumed by each product during the manufacturing process. Conventional systems mainly use three allocation bases: direct labour hours, machine hours and 3 SIMULATING ACTIVITY-BASED COSTING Describes software which provides a tutorial introduction to activity-based costing and highlights the difference between it and conventional cost accounting.
material costs. In ABC, however, a variety of new allocation bases are used, depending on the kind of production and the objectives/strategies of the company.
It is of paramount importance to realize that volumeoriented allocation bases, like direct labour, distort the actual consumed costs if the necessary activities for the product do not correlate with the production volume. To avoid such a distortion, ABC allocates overhead costs first to activities and then to products in relation to the amount of activities they consume. To allocate activity costs (which are not proportional to product volume), allocation bases (called cost drivers) are needed. These cost drivers can depend on, for example, the processing of purchasing orders, part transportation, set-ups, part processing and part administration. Each product picks up costs according to the number of cost driver units consumed [7] [8] [9] .
For example, consider two products, product A and product B, having very different levels of activity consumption [10] . Assume that product A is labourintensive but requires relatively few engineering changes, whereas product B, on the other hand, needs less direct labour than product A but does require a lot of engineering attention. Conventional cost accounting would ignore the impact of the engineering activity consumption by product B and result in a distorted cost allocation. ABC, in contrast, corrects this distortion by tracing engineering (i.e. overhead) costs consumed by the products based on a cost driver that is chosen to reflect the consumption of engineering resources.
The concept of ABC is simple enough to grasp, but the implications for various product costs resulting from changes in the manufacturing environment are not necessarily easy to appreciate. Hence the need for a computer-based tutorial package which allows the user to make direct comparisons between costs obtained via ABC and via traditional overhead allocation.
The Structure of the ABC Simulator
The ABC computer simulation package was designed as an educational tool, to demonstrate the functioning of activity-based costing and to compare it with the traditional overhead allocation system. It was not designed as a "general-purpose" cost accounting system. Consequently, it was necessary to define an overhead and production structure for the simulator which was not too complex but, nevertheless, general enough to provide the user with a big enough system from which production costs could then be calculated.
In the event it was decided to use two products with fixed bills of material and a fixed product routeing through various machines (Figures 1 and 2 ). Such a restriction limits the variable input, which is important to allow the user the chance to trace costs to products. Additionally, the form of the bills of material and product structures were chosen to be compatible with an MRP simulation software package [11] that has already been developed, and with Master Scheduling and Capacity Requirements Planning software training packages currently under development. The user can thus gain a more complete understanding of the operation of a manufacturing company.
Another important consideration was the overhead structure. In order to be able to display where overhead is created and how it can be traced to products, a fixed table of support and manufacturing departments is used (Table I ). This enables the user to build up a structure showing which manufacturing department consumes what support in a fictitious company. In this simulation, in order to avoid too detailed information, the user inputs percentages of overhead consumption. The budgets, representing the overhead to be allocated are variable, but the choice of departments is fixed (Table II) . Note, however, that zero quantities are allowed.
The next point is the determination of the activities and corresponding cost drivers. Again, a fixed structure is used (Table III) (number of set-ups, number of handlings, number of design changes, orders and direct labour) were chosen [1] . This table enables the user to determine which department uses what allocation bases best to allocate its costs most accurately. Once again, not all drivers need to be used.
Thus, in the simulated manufacturing environment, the following items are preset and cannot be altered:
q number of products and their bill of materials;
q production routeing for each product;
q actual departments in the overhead structure;
q actual cost drivers. On the other hand, the user is allowed to make changes to many of the production variables which can influence the result.
Activity consumption -the number of uses of the cost driver -may be manipulated for each product. This enables the user to see how different volumes, batch sizes, 5 SIMULATING ACTIVITY-BASED COSTING and production stages influence the final cost of the product. Direct labour, representing the conventional allocation base as well as a possible ABC cost driver, can be handled in one of three different ways by the system: (1) direct labour is the sum of machine run-time, machine set-up time, and assembly time; (2) a percentage of the above; (3) a value entered manually by the user. The user can choose any of these possibilities before running the calculation. Additionally, the software allows for a sensitivity analysis showing how results obtained from the two accounting methods vary with changes in relative product volumes between the two products. A graph depicting this sensitivity is displayed on the screen.
Overview of the Simulator
The simulation proceeds in three stages:
(1) input -data entry; (2) calculation; (3) output -presentation of results and their interpretation.
Input Stage
Data entry comprises the following sequence of operations: q The allocation of budgets to support and manufacturing departments. q The allocation of the percentage of support overhead consumed to manufacturing departments. This enables the cost consumed by departments to be allocated to them directly. q The allocation of the activities performed by the departments to (fixed) cost drivers. According to the fixed product routeings for each product, activities consumed by those two products can be modified. If the user wants to change the production volume, a rough capacity calculation is carried out to prove feasibility, given a fixed amount of machine and labour time.
Calculation Stage
After data entry, the program computes the costs via the ABC and conventional cost accounting procedures. This is then followed by the presentation of the results, which includes an explanation of how they were arrived at.
Output Stage
As the main aim of the program is to show how ABC works and to illustrate its differences from conventional systems, great emphasis is placed on the presentation of the results. Accordingly, the following requirements are met:
q display of the overhead cost allocation to cost drivers (Table IV) ; q comparison of the results from the ABC and the conventional allocations (Table V) ;
q detailed display of the calculation of the product costs;
q "intelligent" interpretation of the results; q sensitivity analysis. In an attempt to increase the educational value of the package, a textual interpretation of the results (concentrating on explaining the differences produced by the traditional and ABC methods) is presented. This feature relies on the existence of a "decision-tree" structure of text comments, which is referenced using the given overhead structure, production data and calculated product costs. This amounts to an "intelligent" interpretation of the results.
The sensitivity analysis presents a graphical comparison of the overhead costs per unit for each product as calculated by both the conventional and ABC methods as the product mixes change from mainly one product to mainly the other product. A "super-user" is allowed access to files to create and modify examples to be used in workgroups and seminarteams by the teacher. To provide security, these files are protected by a password.
To cater for the first-time user, a feature is included which provides a text overview of ABC.
A high-level flow diagram of the simulator is shown in Figure 3 .
Human-computer Interface
As the program is designed for demonstration and tuition purposes, great emphasis was placed on providing a user-friendly human-computer interface, based on windows and pull-down menus. Context-sensitive help information as well as guidance when entering data is provided. The screen is divided into a main menu box, explanation and error message box and a command box, as well as the screen body ( Figure 4) .
A brief explanation of the currently selected menu option as well as error/help messages are displayed in boxes directly beneath the main menu box, at the top of the screen. At the bottom of the screen, a command box displays the currently active function keys.
The main menu is always displayed, and the currently chosen option highlighted, while sub-menus are displayed in sub-windows directly under the selected main menu option. The user can use the cursor keys to select a menu option, or just press the highlighted character of the option name. Typing effort is fast, easy to learn and familiar to users who frequently use computers.
Implementation
The program is implemented in Turbo Pascal 5.5 and designed to run on an IBM PC XT/AT (or compatible hardware) with minimal configuration:
q minimum of 512 Kbytes RAM; and q colour screen (CGA, EGA, VGA), desirable but not mandatory.
A Session with the ABC Simulator
After the ABC simulator program has loaded, the user can choose between viewing the "introduction" or starting the simulation.
The retrieve option allows files containing specific examples to be retrieved from disk.
Data entry is invoked via the allocation menu option. Three separate screens are successively displayed, which allow, respectively, the input and/or modification of the department budgets (Table II) , the input and/or modification of the percentage allocation of support overheads to manufacturing departments (Table I) , and the input and/or modification of the percentage allocation of manufacturing overheads to cost drivers (Table III) . Following these allocations, two more screens showing the production data for the two products are displayed ( Figures 5 and 6 ). These screens allow the user to modify the production volume, the batch size, the material handling quantity, the raw material cost, the set-up time and the run time. Once the data have been entered, the product costs may be computed by selecting the calculation option.
The display results option allows the results of the calculation to be displayed both in tabular form and graphic form, together with a textual interpretation. For example, the user may observe the allocation of total costs between cost drivers against the calculated number of cost driver units in the transaction table (Table IV) , and a comparison between the two product costs obtained via conventional allocation and via ABC in the product costs display (Table V) .
Finally, the user may return to data entry to modify a variable, re-calculate the costs and observe the impact of this change.
Conclusion
ABC is more complex but more accurate than traditional cost accounting. There are situations where the extra effort required results in answers which are very similar to those obtained by traditional methods. On the other hand, ABC may result in very different answers which may be crucial to the survival of a company. Both these situations may be modelled with the ABC simulation software package. The sensitivity of the answers to the selection of input drivers and to the product mix is a major point which the program brings out clearly, avoiding the endless tedium of exploratory hand calculation. It is hoped that the simulator will foster improved understanding of the opportunities of ABC.
The ABC program described in this article has been supplied to a number of university departments and companies for tutorial purposes. It achieved runner-up status in the Business section, Business Software Challenge '92, the UK national software competition organized by CA Computer Associates Ltd in conjunction with the British Computer Society, the British Institute of Management, and management consultants, Coopers and Lybrand.
